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INTRODUCTION -

Remot, sensing data provides the primary source of wetland inven-

tor) infc-mation for application by various management or regulatory

agencies. High altitude color infrared aerial photographs and

Landsat derived products are the systems commonly applied for inven-

tories of large areas. Vegetation types and detectable hydrological

phenomena interpreted from such data provide the basis for identifi-

cation of wetlands and their boundaries. Capabilities of the Land-

sat system have been demonstrated by LaPerriere and Morrow (1978)

and Rundquist and Turner (1980) in wetland inventories in Alaska

and the Northern Great Plains respectively. Nyc and Brooks (1979)

and Montanari and Wilen (1978) describe techniques being used in the

application of high altitude color infrared to the National Wetland

Inventory Project.

With the production of remotely sensed wetland maps, various

questions have been raised in regards to the accuracy of the wetlands

delineated. These questions not only center around the resolution

capabilities of a particular system, but also the expressed level of

detail needed by legislative, regulatory, or management requirements

in the user community. Various authors have addressed accuracy not

only within a remote sensing system, but also in a comparison of

different systems with known ground truth. Computer manipulation of

digital data, data stratification, correction factors derived from

satellite/aircraft double samples, layered classifiers, and multi-

temporal analysis have all been investigated. (Carter, Malone and

Burbank, 1979; Gilmer, Colwell and Work, 1978; LaPerriere and

Morrow, 1978; Owens and Meyer, 1978; Werth and Meyer, 1979).
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Delineation problems exist not only from a remote sensing stand-

point, bu, also from the perspective of delineating boundaries in

the fiele within the context of the Corps' wetland definition. Most

wetlands are bounded by a transitional area in which the wetland

community grades to a mesophytic or xerophytic community. Other

types of areas, such as seasonally flooded or meadow habitats, may

or may not exhibit this gradation, rendering the questions to not

only that of delineation, but also applicability as to wetland status.

Criteria for delineating wetland boundaries or determining wetland

status is not set forth in the Corps of Engineers permit regulations.

Within the context of these problems of accuracy and the lack

of methodology for determining wetland boundaries and status, this

study will apply remote sensing and field investigative techniques to

wetland delineation and evaluation in the Sandhills of Nebraska.

Accuracy of Landsat wetland mapping, currently in use by the Omaha

District, will be addressed by comparisons with color infrared

photography for an approximately 120 square mile area. Further

analysis involves the delineation of a selected wetland community for

comparisons with its depiction from remotely sensed data. Additional

goals of this study are to analyze temporal change and determine if

subirrigated meadows1 can be properly classified as wetlands by

virtue of their species composition or by comparisons with a known

wetland community. For the purposes of this study, wetlands will be

defined according to the Corps of Engineers permit regulations

iSubirrigated meadows are defined as areas where the root zone is in
contact with the water table.
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(33 CFR 323.2): "those areas that are inundated or saturated by sur-

face or g-oundwater at a frequency and duration sufficient to support

and unde- normal circumstances do support, a prevalence of vegetation

typically adapted for life in saturated soil conditions."

The Sandhills region of North Central Nebraska is the largest con-

tinuous area of sand-dune formation in the United States, consisting

of approximately 20,000 square miles. Formed on a broad, sloping

plain ranging from an elevation of approximately 4,000 feet at its

western margin to 2,000 feet at the east, the Sandhills are believed

to have been formed by major wind action during the early Wisconsinian

glacial period. These dunes, laying over several layers of permeable

rocks and clays, were later stabilized through climatic changes and

the establishment of vegetation.

This vegetation, consisting predominantly of grasses, has received

considerable attention and has been inventoried by a number of inves-

tigators (Smith, 1892; Rydberg, 1895; Pool, 1914; Tolstead, 1942).

Though several additional studies have emphasized vegetative composi-

tion relationships to the hay production/cattle grazing industry

(Frolik and Keim, 1933; Frolik and Shepherd, 1940; Brinegar and Keim,

1942; Bragg, 1978), little quantitative work has been done concerning

transition zones between xeric-mesophytic-hydrophytic plant communi-

ties.

Rydberg (1895) recognized differences in sandhill plant communi-

ties by describing wet valley and dry valley associations. Pool

(1914), however, appeared to be the first investigator to not only

recognize such differences, but properly attribute this distribution

of species to differences in soil moisture and their proximity to the
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water table. Based partially on soil moisture content and duration,

Pool described three distinct plant formations of sandhill lowlands

(water-pl nt, marsh, and meadow) and ten sub-formations differentiated

by dominant plants present. More specifically, Frolik and Keim (1933)

outlined three grass associations in a study exemplifying variation in

yield of native prairie hay as affected by depth of the ground-water

table. Similarly, Tolstead (1942) described three zones of mesophytic

tall grasses occurring in wet meadow regions based on the depth and

permanence of the underground water table. Additionally, zonation

within wetland areas was noted, though not quantified. Brinegar and

Keim (1942) also noted a natural change in dominant grass species as

one moved from lake edges to dry, upland sandhills.

None of these plant association/classification systems, however,

would be adequate in delineating wetland from non-wetland areas or in

determining the wetland status of subirrigated or wet meadows.

Change in Sandhill vegetative communities has been documented by

various investigators. Pool (1914) indicated that climate may deter-

mine the relative abundance of species for different years. Tolstead

(1942) discussed changes in hydric species composition, species domi-

nants, and the invasion by mesic grasses throughout the meadow of

Dewey Lake for a 4-year period as a result of drought and depletion

of groundwater. The reduction of emergent aquatics accompanying high

water was noted by Sather (1958) in his investigation of muskrat popu-

lations in the Sandhills. For a 3-year period from 1949 to 1951, Rice

Lake increased from 33 to 51 acres with the emergent plant communities

practically eliminated. However, little quantitative work has been

done to document changes within a growing season for Sandhill wetland
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communities.

A previous remote sensing investigation of wetlands in the Sandhills

was conducted by Seevers et. al. (1974). The information was obtained

from Landsat visual imagery. Wetlands ten acres or larger were delin-

eated on U.S. Geological Survey topographic maps at a scale of

1:250,000. Wetlands were categorized into four classes; open water,

marsh, subirrigated meadows and seasonally flooded basins. A more

recent investigation involves that by Rundquist and Linden (1979).

Selected areas of the Sandhills were evaluated with Landsat digital

data and supplemented by medium and large scale color infrared. Capa-

bilities of the Landsat system were demonstrated for identifying, map-

ping and evaluating temporal change in wetlands. An additional inven-

tory of wetlands in the Sandhills is currently being undertaken as part

of the National Wetland Inventory Project using the classification

system described by Cowardin et. al. (1979).

More pertinent to this study is the work of McMurtrey et. al.

(1972) in their survey of wetland areas in Nebraska. Basic data was

acquired from interpretation of black and white Soil Conservation

Service photographs supplemented by extensive ground data. This study

specifically excluded the extensive acreages of wet meadows in the

Sandhills, though such areas had been recognized as Type II wetlands

(classification system, Circular 39, Shaw and Fredine, 1956). The

survey concluded that determining those portions of the meadows wet

enough to be acknowledged as wetlands would be "impractical."

717m.m..
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- MATERIALS AND METHODS

The Study Sites -

The sudy was conducted at the Valentine National Wildlife Refuge

located in the Nebraska Sandhills. The approximately 70,000 acres of

the Refuge is characterized largely as undulating sand dunes inter-

spersed with lakes, wetlands, subirrigated meadows and dry valley

complexes. Specific study sites are defined at two levels. Two 7.5

minute orthoquads, Simeon SE and SW, constitute the boundaries of the

study area used for the evaluation of Landsat accuracy. Within these

orthoquads, the wetland community of Rice Lake and the subirrigated

meadows of Little Hay Valley and Watts Lake served as areas of inten-

sive field work (Figure 1).
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* Remote Sensing Systems

Inforration from the Landsat 3 satellite was utilized for the study

area. Laidsat platforms contain two primary sensing systems, the

Return Beam Vidicon (RBV) and the Multispectral Scanner (MSS). This

research focuses on the digital data gathered by the MSS.

Data from the Landsat MSS sensor is recorded and then transmitted

to earth receiving stations. This data is then electronically trans-

formed into a photo-like image format and into computer compatible

tapes (CCT's). The CCT's contain the digital data in a form capable

of computer processing and analysis. Reflected solar energy received

by the MSS sensor is recorded in four wave length bands of the electro-

magnetic spectrum, designated Bands 4, 5, 6, and 7.

Individual Landsat scenes produced by the MSS sensor and contained

on the CCT's are 185 x 185 km (115 x 115 statute miles) in area. Each

scene is composed of approximately 10.5 million picture elements per

band. Each picture element, termed a pixel, is treated spatially as

an area 57 x 57 m (approximately .8081 acre). A discrete reflectance

value is assigned to each pixel based upon terrain features, atmos-

pheric elements, and ground cover. This reflectance value is related

to the spectral sensitivity of the MSS band in use. In the final

format, CCT Bands 4, 5, and 6 have 128 discrete reflectance levels

and Band 7 has 64 levels.

The September Landsat scene was acquired to correspond as closely

as possible to the September date of the color infrared aerial

photography and to the late August vegetation field study. The

digital data contained on the CCT is nominally at a scale of

( 1:24,000, corresponding to that of the orthophoto quads used in this

-I. - -
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evaluation. Computer processing was accomplished by single band level

thresholding of the reflectance data. The thresholding was accom-

plished v.*th the use of the UNO-RSAL "Looklot" program. The detection

of wetlands and their classification was based upon comparisons of the

reflectance values of wetlands in specific locations with known ground

truth information (CIR photos, preexisting maps, etc.) Once the

thresholds for both Bands 5 and 7 were established, two band parallel-

epiped classification was utilized for the actual mapping of the study

area (Bussom and Rundquist, 1978; Work and Gilmer, 1976).

Nine by Nine inch color infrared was flown over the study area

September 14 at a resulting scale of 1:24,000. A 35 mm color infrared

underflight was accomplished concurrently with June and August field-

work for Rice Lake and the subirrigated meadow study sites. Flight-

lines between these sites were established and photographs taken at

selected intervals between 500 feet and 10,000 feet above ground level

following procedures discussed by Meyer and Grumstrup (1978).

(-.
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S Remote Sensing Analysis

Each of the two quadrangle overlay maps produced from the 9 x 9

inch coloi infrared photographs has three classes delineated; open

water (0), marsh (M), and subirrigated meadow (S). These overlay maps

represent what is considered to be the actual extent and configuration

of the wetlands on the ground. The two overlays produced using the

Landsat digital data had the same three classes delineated. The

unclassified upland areas were grouped into the non-wetland classifi-

cation in both systems. Both sets of maps (CIR and Landsat) were

measured using an electronic planimeter.

The accuracy of the Landsat mapping system was based in part upon

comparison of the acreage totals derived from the measurements.

Further analysis of accuracy was accomplished using a lcm 2 grid over-

lay from which two separate point samples were taken.

The first sample of 140 points per map was taken to compare the

accuracy of the Landsat system in terms of wetland versus non-wetland

classification. For each point a determination was made as to the

classification on the CIR map and the same point on the Landsat map.

The Phi Coefficient (0) was used to test the relationship between the

two mapping systems. The Phi Coefficient has a value of zero (0)

when no relationship exists and the value of one (1) when the vari-

ables are perfectly related.

The accuracy of the Landsat system for the specific mapping

classes (open water, marsh, subirrigated meadow, and non-wetland) was

tested using a larger sample from the lcm 2 grid. A systematic strati-

fied sample of 1120 points per quad was taken. As in the previous

test of accuracy, the classification at each sample point on the CIR
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map was compared with that point on the Landsat map. This sample pro-

vided an "ndex in the form of a 4 x 4 matrix from which percentages

for the %irious CIR-Landsat classification comparisons were derived.

[I

(Iii l iiI - - -
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Vegetation Sampling

Initial work consisted of determining transect locations at the

study sitcs. The end points of each transect were identified by ground

markers of two strips of white opaque plastic approximately 2 feet wide

by 15 feet long. The two strips were aligned in such a manner to form

an X configuration. An additional 3 feet by 3 feet sheet of black

plastic was placed beneath the intersection of the two strips for con-

trast purposes. Markers were constructed and placed so as to be

visible on low altitude color infrared and to serve as locational aids

in vegetative mapping. Three transects were placed at Rice Lake and

one at Watts Lake on both the June and August sampling dates. One

transect was located at Little Hay Valley on the June date only due to

haying operations. Along each of the main transects, subtransects were

located at either a right angle to the main transect or through the

longitudinal axis of a homogenous vegetative zone. Ten lm2 plots were

located five on each side of the main transect at 2 meter intervals

along the subtransect, alternating sides (Figure 2).

0 - . 1 sq. m. Plot
-0

2im

2m-( _- MAIN

TRANSECT

SUBTRANSECT

Figure 2. Schematic representation of
transect, subtransect and plot
locations.

If
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Ground sampling the 1m2 plots was accomplished utilizing a canopy-

cover method of vegetational analysis (Daubenmire, 1959). Canopy area

as used i this method is defined as the area parallel to the ground

surface bounded by a line connecting the outermost extremeties of the

plant. Because precise measurement can be extremely difficult and

time consuming, it was more efficient to estimate cover utilizing the

following classes:

Class Number Class Range (%) Class Midpoint (%)

1 0-5 2.5

2 5-25 15.0

3 25-50 37.5

4 50-75 62.5

5 75-95 85.0

6 95-100 97.5

Class midpoint values were used for analysis.

Canopy cover estimates for individual species within a hypotheti-

cal plot are shown in Figure 3.

In addition to cover estimates for each individual species occur-

ring in a plot, general vegetative and community characteristics of

each plot were also evaluated. This information was recorded in the

field on data sheets for use in vegetative analysis (see Appendix A).

(.
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43

SPECIES B

SPECIESPCIE A------

Species ClassRange Class Number

A 50-75% 4

B 5-25% 2

C 5-25% 2

D 0-5%1

Figure 3. Canopy cover estimates of a hypothetical plot.
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Vegetation Analysis -

Information from the ten lm2 plots located on a subtransect were

combined 'o define a lOm 2 sample area. Species information was then

derived from the following calculations:

1) Frequency (f) - the number of plots in which a given species

occurred divided by the ten plots of the subtransect.

2) Relative frequency (Rf) - the frequency (f) of a given species

divided by the sum of the frequencies for all species which occurred

in the subtransect.

3) Cover (c) - the summation of the number of plots in which a

specific class number was recorded multiplied by that class numbers

midpoint, divided by the ten plots of the subtransect (that is, the

portion of the canopy occupied by an individual species within the

1Om 2 area of the subtransect).

4) Relative cover (Rc) - the cover (c) of a given species divided

by the sum of the covers for all species which occurred in the sub-

transect.

5) Importance Value (IV) - the sum of the relative frequency (Rf)

and the relative cover (Rc) for each individual species.

The importance value was utilized as an overall estimate of the

influence or importance of an individual plant species in the total

vegetative community. All species occurring in a subtransect were

then ranked in order of decreasing importance value. In this manner,

the dominant species for each subtransect were identified. Data for

a selccted subtransect is illustrated in Table 1.
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Importance values were also utilized to derive an index of species

diversity or community structure for each subtransect. Evaluation of

communit) structure was initiated by calculating the Simpson Dominance

Index (A):

=. n i(ni-1)
- N(N-l)

where n. the IV of each individual species, and

N = I of importance values for all species in the subtransect.

The Simpson Dominance Index (A), simply expressed, is the probability

of two individuals selected at random from a subtransect belonging to

the same species. A subtransect exhibiting low dominance will exhibit

high species diversity. Accordingly, diversity was measured utilizing

the Simpson Diversity Index (Ds

Ds = 1-A

D values express the probability of one species in the subtransect

encountering an individual of another species.

Community similarity comparisons between selected subtransects

were based on Morisita's Index (Im). This measure of similarity is

arithmetically related to A as shown in the following:

Im = 2I xiY

where xiY i = product of importance values for species common to both

subtransects

A1  =Simpson Dominance Index for subtransect 1

A 2  Simpson Dominance Index for subtransect 2

N1  - Total of all IVs for subtransect 1

N 2  Total of all IVs for subtransect 2

--- - I-----: . ,
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Morisita's Index (I.) expresses a relative probability of randomly

drawing the same species from each of the two communities. Im values

may rangt from 0 (no similarity between subtransects) to approximately

1 (identical subtransects).

A second measure of community similarity, the Sorensen Community

Coefficient (CCs), was conducted for purposes of cross-date compari-

sons at Rice Lake only. CCs values do not account for changes in

species' relative cover, but provide information on species disappear-

ance/replacement rates over time as given by the following:

CCs = 2c
s1I + s 2

where sl = number of species in community 1

s2 = number of species in community 2

c = number of species common to both communities

CCs values may range from 0 (no species common to both communities)

to 1.0 (all species common to both communities).

In addition to determining a species influence or dominance in

the vegetative community through IVs, each species was assigned a

numerical hydric rank ranging from 1 to 5. The ranking system was

designed to reflect an individual species' pieferred or optimal

moisture conditions. Species restricted to very dry, xeric conditions

were assigned a rank of 1, while species restricted to standing water

or extremely saturated soils were assigned a 5. Species with

extremely wide moisture preferences were considered mesic and assigned

a rank of 3. Numerical rankings of 2 and 4 were assigned to those

species which exhibited tendencies to prefer either xeric or hydric

conditions respectively, but were not totally obligate to such

* -,=, m nu nn~umn•, nnm m m R l|a
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3 conditions. Numerical hydric ranks were designated for each species

based on descriptions available from the literature. Individuals not

identified to species were assigned a numerical hydric rank of 3 unless

the'ir location on a transect indicated a xeric or hydric preference.
2

A list of Species collected and their hydric rank is found in Appendix

B.

The prevalence of vegetation adapted for hydric conditions at each

subtransect was determined by adding IVs of species having identical

numerical hydric rank. Grouped IVs were then divided by the sum of all

IVs in the subtransect to derive a relative frequency for each numeri-

cal hydric group. Relative frequency values were then multiplied by

their respective groups' hydric rank to derive a weighted mean.

Weighted means were added and divided by 100 to arrive at a hydric

value for the entire subtransect. Hydric values for subtransects

range from 1 (xeric) to 5 (hydric) similar to numerical hydric rank

for individual species. A hydric value greater than 3.0 indicates a

hydric community (wetland) while values less than 3.0 indicate a xeric

community (non-wetland). Table 2 illustrates the grouped data from

Table 1 and the derived hydric value.

2In order to delineate a wetland and determine the wetland status of
subirrigated meadows, the need to define both "vegetation typically
adapted for life in saturated soil conditions" and "prevalence" (33
CFR 323.2) became apparent. Through the use of a hydric ranking system
an individual species' applicability to the term "typically adapted"
is quantified and formulates the basis for establishing prevalence.
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A. Listing of Species by Similar Hydric Rank.

GROUPING TYPE SPECIES NAME IMPORTANCE VALUE

1----

2 Rosa arkansana .16879

Artemesia ludoviciana .15818

Ambrosia psilostachya .13057

3 Carex 8 .41056

Panicum virgatum .27186

Poa pratensis .16553

Solidago sp. 1 .09820

Carex 10 .05998

Panicum oligosanthes .04352

Glycyrrhiza lepidota .04352

Apocynum sibiricum .02176

4 Juncus balticus .38398

Eguisetum laevigatum .04352

5----

B. Suimmary of Hydric Value Measures.

GROUPING TYPE IMPORTANCE VALUE RELATIVE FREQUENCY WEIGHTED MEAN

1 0.0 0.0 0.0

2 0.45755 22.8773 45.755

3 1.11495 55.7473 167.242

4 0.42751 21.3754 85.502

5 0.0 0.0 0.0

TOTALS 2.00001 100.0000 298.499

Hydric Value - 2.98499

Table 2. Derivation of a hydric value for Table I data.



II 21

Hydric values were calculated for all subtransects in the June and

August fi ld work. This information was utilized to: 1) delineate and

map the x tland of Rice Lake in combination with 35 mm color infrared,

2) aid in determining the wetland status of subirrigated meadows, and

3) aid in evaluating temporal change at Rice Lake.

For purposes of community comparison, subtransects for both June

and August sample dates were grouped into ecologically similar zones

based on hydric value and species composition. The Rice Lake subtran-

sects were grouped into three zones (non-hydric, outer marsh and inner

marsh) as shown in Table 3. A submerged aquatic zone was also recog-

nized and mapped though no subtransects occurred in this deep marsh

area. Subtransects occurring in subirrigated meadows of Watts Lake

and Little Hay Valley were grouped into two zones, non-hydric and

hydric.

NON-HYDRIC OUTER MARSH INNER MARSH
Subtransects Subtransects Subtransects

(6)4
Transect 1 1, 2, 3, 11, 12, 13 4, 5, 6

(8) (3) (7)
Transect 2 1-4, 15-18 5-7 8-14

(6) (10) (9)
Transect 3 1, 4, 22-25 2, 3, 5-9, 19-21 10-18

(7) (3) (2)
Transect 6 1-4, 10-12 5, 6, 9 7, 8

(6) (6) (5)
Transect 7 1-4, 16, 17 5-7, 13-15 8-12

(9) (8) (7)
Transect 8 1-3, 5, 20-24 4, 6-9, 17-19 10-16

Table 3. Rice Lake subtransects occurring in ecologically similar zones.

(
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3 Hydric value profiles were compared for Rice Lake and the subirri-

gated meadow. Similarity comparisons (Im values) between ecologically

similar -ones of Rice Lake and the two subirrigated meadow sites were

also conducted. In addition, cross-date comparisons of hydric value

profiles, Im , Ds , and CCs values were made for ecologically similar

zones for temporal analysis at Rice Lake.

$
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- RESULTS AND DISCUSSION -

Landsat A :uracy -

The f curacy of the Landsat mapping system is summarized in Table

4 from the comparisons of Figures 4 and 5 to Figures 6 and 7. In the

case of the open water and marsh mapping classes, the Landsat system

under estimated the total area. The subirrigated meadow class was

over estimated by the Landsat system. Total wetland area irrespective

of class was 99.17%. Accuracy for wetlands vs nonwetland comparison

using the Phi Coefficient indicates a strong relationship between the

two systems. Accuracy by mapping class in percent shows a high per-

centage of duplicity in classification.
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A. Mapping Accuracy as a Function of Acreage Totals.

ACREAGE OF
CIR LANDSAT LANDSAT AS % OF CIR

Open Water 5,377.93 4,859.94 90.38

Marsh 5,065.53 4,837.03 95.49

Subirrigated 17,884.29 18,395.85 102.80
Meadow

TOTAL 28,327.75 28,092.82 99.17

B. Mapping Accuracy as Expressed by the Phi Coefficient (0).

0 = .8926

C. Classification Accuracy (%). Sample Significant at .005 Confidence Level.

1% , IR OPEN SUBIRRIGATED NON
LANDSAT WATER MARSH MEADOW WETLAND

Open Water 93.15 0.00 0.00 0.00

Marsh 6.16 82.75 1.43 0.22

Subirrigated 0.00 16.66 90.29 2.98
Meadow

Nonwetland 0.69 0.59 8.28 96.80

TOTAL 100.00 100.00 100.00 100.00

Table 4. Landsat accuracy results for Simeon SE&SW combined.

1~L
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Fi!~ure 5. Landsat depiction of Simeon SW.
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OWhen attempting to make a quantitative comparison of the two map-

ping systems used in this study, the resolutional capabilities of each

of the systems must be considered. With the CIR mapping system it is

possible to delineate very small areas of wetlands and to make distinc-

tions between different classes of wetlands. In the case of the Land-

sat mapping system such fine distinctions are not possible. In addi-

tion, when interpreting the CIR photography, adjustments can be made

for minor community changes. The Landsat system on the other hand is

incapable of making such adjustments once the thresholds have been set

from the target sites. Another problem discovered in this study is

the lack of a suitable target to background ratio that makes the

distinction between upland non-wetland areas from inter-dunal lowland

wetland areas more difficult. This problem can be resolved in the

future by acquiring photographic and satellite data during June or

July rather than in September. In the earlier part of the growing

season, the target to background ratio will be greater because of the

difference in nonwetland and wetland plant characteristics.

...-C,
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Comparative Delineations of Rice Lake-

Rice ake was delineated by utilizing hydric values for each sub-

transect in combination with tone and texture characteristics of the

35 mm color infrared imagery. Figures 8 and 9 depict non-hydric and

hydric boundaries as well as three wetland zones, submerged aquatic

(SA), inner marsh (IM), and outer marsh (OM) for the June and August

dates. The submerged aquatic zone was characterized as open water

containing floating and submersed aquatic vegetation. Representative

species included Lemna minor, L. trisulca, Potamogeton pectinatus and

Utricularia vulgaris. The inner marsh zone was dominated by Scirpus

acutus, Lemna s and Sagittaria. Other species in this zone included

Scirpus fluviatilis, Typha latifolia, Sparganium eurycarpum, Polygonum

coccineum, P. punctatum, Stachys palustris and some occurrence of hydric

grasses and sedggs. The outer marsh exhibited the greatest variability

in terms of species composition. Hydric grasses and sedges, represent-

ative species of the inner marsh zone, and the interspersion of mesic

and xeric species typified this area. Appendix C lists the dominant

species, hydric values and Ds values for each of the subtransects.

, nn{a.mm m emmm i t ..
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The August 30 cover map was considered actual for comparisons with

the Landsat and 9 x 9 CIR depictions of Rice Lake (Figure 10). Com-

parisons of these maps should, however, be left to a subjective analysis

of general wetland morphology on the part of the reader due to the

disparity in classification. The vegetation sampling - 35 mm CIR pro-

vided detailed information not available from remote sensing interpre-

tation, necessitating a dissimilar classification to accurately

reflect vegetative conditions. Further, the subirrigated meadow

class (S), defined by the tonal-textural similarities in the case of

9 x 9 inch CIR and by a range of digital thresholds for Landsat,

proved too general for comparisons at this level.

1:24000 C.I.R. LANDSAT

S

ACRES ACRES

0= 25.76 0= 13.20
M = 18.40 M=32.63
S = 17.67 S =13.96

TOTAL = 61.83 TOTAL = 59.79

Figure 10. Color infrared-Landsat depictions of Rice Lake.

The gross resolution of a Landsat pixel also limits comparisons to a

subjective nature. An individually sensed pixel may have occurred in

an area encompassing two or more of the actual vegetation zones.

_ . -- m .m i l i I
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This pixel would have a reflectance value strongly influenced by the

spectral )roperties of these zones, presenting the possibility for

misrepre -ntation in classification.

Some inferences may be drawn from these comparative depictions.

There is no doubt that both manually interpretated CIR and Landsat

each represent "prevalence of hydric vegetation" to a certain degree

based on the characteristics of the imagery, but actual wetland

boundaries can best be determined by incorporating vegetation sampling.
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Subirrigated Meadows as Wetlands

Hydric values for the subirrigated meadows of Transect 5 (Watts

Lake) and Transect 4 (Little lay Valley) are graphically illustrated

in Figure 11. This data shows that portions of subirrigated meadows

can be classified as wetlands. All subtransects at the two study

sites were typified by variable species composition and high species

diversity (Ds (-)=.875). Of the 46 subtransects located and sampled in

the subirrigated meadow, 18 were considered to occur in wetland areas

based on derived hydric values. Hydric values for wetland subtran-

sects ranged from 3.07 to 3.67. Non-hydric subtransects were located

near the end points of the main transects in sandhill uplands or atop

subtle topographical rises within the more hydric meadow. The wetland

subtransects are appropriately described as a hydrophyte grass-sedge

zone. Hydric dominants in the subirrigated meadow included Calama-

grostis canadensis, C. stricta, Spartina pectinata, Carex aquatilis

and Carex spp. Other hydric species occurring in association with

these dominants were Eleocharis s., Juncus balticus, Equisetum

laevigatum, Asclepias incarnata and Cicuta maculata. Ofter inter-

spersed with these species, and in some cases occurring as dominants

for wetland subtransects, were Poa pratensis and Phleum pratense.

These two species, as well as Calamovilfa longifolia, Hordeum jubatum

and Panicum virgatum, also represented transitional species dominants

at the hydric/xeric interface. The most xeric subtransects consisted

of Stipa comata, Helianthus spp., Silphium integrifolium and Lathyrus

polymorphus. Appendix D lists dominant species, hydric values and

D values for each subtransect.

-
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Figure 11. Hydric value profiles for subirrigated
meadow study areas (June).

This generalized description of the subirrigated meadow is similar

to that described in the literature. Tolstead (1942) defined three

vegetative zones in wet meadows: 1) a hydrophytic grass-sedge zone

with Calamagrostis spp and Carex sp_ as dominants, 2) a mesophytic

tall grass zone consisting of Spartina pectinata, Panicum virgatuyn,

Sorghastrum nutans and Androp on gerardi, and 3) a true prairie zone

dominating the upper portion of the wet meadows and forming a narrow

transition between the mesophytic tall grasses and xeric uplands.

This distinct zonation and vegetative diversity was also noted by

Frolik and Kiem (1933) and Frolik and Shepherd (1940) for wet meadow

( vegetative types.
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Hydric value profiles for Transect 8 (Rice Lake) illustrates a

transition from xeric to the extreme of hydric conditions, while

transition in Transect 9 (Watts Lake, subirrigated meadow) is appar-

ent, but less pronounced (Figure 12). These differences are attrib-

utable to the varying proportions of xeric, mesic, and hydric species

occurring along the two transects compared.

I ~ ~ ~ ~ ~ ~ OC UK[-- -- - - - -- -YR
4- ~ ~ slMNIIATEI NEAOW

V~U NW IiIC

ISTANCEI 
(U SCALE)

Figure 12. Hydric %lue Profile Comparison of Rice
Lake - Watts Lake (August).

Differences in the two communities were further defined by evalua-

tion of derived Im values. Subtransects occurring in similar ecologi-

cal zones of Rice Lake were compared to grouped non-hydric and hydric

subtransects of the subirrigated meadows for both June and August

(Table S).

4-* , iI I
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%.Subirrigated Non-Hydric Hvdric

Rice Laki' I n I n
m m

Non-hydric J - .303 320 J - .119 240
A - .314 264 A - .047 132

Outer-marsh J - .098 256 J - .215 192
A - .075 204 A - .113 102

Inner-marsh J - .000 320 J - .001 240
A - .001 168 A - .002 84

Table 5. Morisita's Index (x) values for community similarity comparisons of
Rice Lake vs. subirrigated meadows, for June (J) and August (A).

Greatest community similarity was found in the comparison of non-

hydric subtransects. Within hydric subtransects of the subirrigated

meadow, highest Im values were recorded for the outer-marsh compari-

son at Rice Lake on both dates. This data would indicate that the

wet portions of subirrigated meadows most closely resemble the outer-

marsh zone in species occurrence and abundance. Community similarity

achieved its highest value (.215) in hydric vs. outer-marsh compari-

sons for June. This may be attributable to the similarity in soil/

moisture relationships at the two sites during this part of the

growing season. Through summer, however, water levels receded at

Rice Lake while ground water levels in the subirrigated meadows may

have remained relatively static. This change in available soil

moisture in the outer-marsh may account for the decline in the Im

value in the August comparison. Least community similarity was

found in the comparison of hydric subirrigated meadow subtransects

and the inner-marsh at Rice Lake. Large differences in hydric

{. values of the two areas compared largely account for this non-
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correlation. Results summarized in Table 5 did not provide suppor-

tive evidence of subirrigated meadows as wetlands, but further sub-

stantiated their status as distinct wetland communities.

(-
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Temporal Change

Groutr sampling data and imagery for two separate dates (June and

August) llowed an analysis of temporal change at Rice Lake. Due to

the lack of acceptable imagery from the June sample and haying opera-

tions in Little Hay Valley during the August sample, an insufficient

data base prevented conducting a similar analysis of subirrigated

meadow.

As determined from the base maps, total wetland acres decreased 6%

from the June to August sampling dates. As shown in Table 6, the

largest drop in acres occurred in the submerged aquatic zone. The

decrease in this portion of the wetland is predominantly attributable

to the appearance of Lemna sp_. and Potamogeton sp_. on the water's

surface at the submerged aquatic/inner marsh interface. The decrease

in the submerged aquatic zone substantially accounts for the .50 acre

increase in the inner marsh zone. The data further shows the inner

marsh did not increase in the same quantity as the submerged aquatic

wetland decreased. This is attributable to the more rapid encroach-

ment of drier outer marsh into the inner marsh as water levels receded

through summer.

A

June Aug Acreage A

Outer Marsh 9.72 8.39 -1.33 -14%

Inner Marsh 21.15 21.65 +.50 +2%

Submerged Aquatic 32.31 29.57 -2.74 -8%

TOTALS 63.18 59.61 -3.57 -6%

Table 6. Rice Lake acreages and temporal changes.
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4 Hydric values for subtransects sampled in August were similarly

lower than those sampled in June, further indicating shrinkage of the

marsh inward and the invasion of more xeric species. Hydric value

depression in August is graphically represented by a comparison of

hydric value profiles of Rice Lake for the two sample dates (see

Figure 13).

URNSEC I TEISLCI 2

4 -I

' "\usc~ / / IU I

I/ -- I l l I. . . II 
CT 6

2I /C- Nil lACR TRANSACT 3

- --- TI I I

INTANCE 1N SCALEJ

Figure 13. Comparison of hydric value profiles for June and
August transects at Rice Lake.

A comparison of Ds values and total number of species for ecolog-

ically similar zones on both an intra- and inter-sampling data basis

is shown in Table 7. In general, Ds values decreased with an increase

in hydric value as indicated by progressively smaller Ds values from

non-hydric to inner marsh zones. Additionally, D5 values for all

zones decreased from June to August. These trends are illustrated by

the graph at Figure 14.
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TRANSECT NON-HYDRIC OUTER MARSH INNER MARSH

Ds (x) n species D (x) n species D (x) n species

1 .883 6 50 .875 3 40 .732 4 16

2 .877 8 51 .899 3 33 .754 7 16

3 .889 6 39 .841 10 46 .721 9 19

TOTAL (JUN) .882 20 69 .859 16 67 .735 20 28

6 .865 7 42 .892 3 37 .682 2 11

7 .862 6 46 .858 6 53 .734 5 17

8 .823 9 40 .825 8 50 .655 7 21

TOTAL (AUG) .847 22 68 .849 17 77 .687 14 28

Table 7. Temporal comparisons of Simpson diversity values and number
of species for ecologically similar zones of Rice Lake.

Is-

STIANSICT $ I
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Figure 14. Rice Lake (June-Aunust)
Ds values vs. distance.
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3 Though total number of species in non-hydric areas remained static,

Ds values lecreased from June to August. This apparent contradiction

is attril 'ted to the dominance of warm season grasses Andropogon hallii

and Calamovilfa longifolia in the August sample which depressed IVs

of other species. The D values for the outer marsh zone similarly

decreased over time, but to a lesser degree than non-hydric areas.

Totals for the August data indicate D values for the outer marsh were

slightly higher than values for non-hydric areas. This shift in D s

value hierarchy is partially attributable to an increase from 67 to 77

total species in the outer marsh zone. Inner marsh Ds values were

significantly lower than both the non-hydric and outer marsh zones for

both dates. A low number of total species and the overall dominance

of a Scirpus acutus, Lemna pp.p and Sagittaria s vegetative triad

accounts for the low Ds values.

Im values were also compared for ecologically similar zones between

the two sample dates as shown in Table 8. This data indicates the

largest community change occurs in the outer marsh zone and is highly

correlated to this area's receding water levels and fluctuating soil/

moisture relationships. The least community change occurs in the inner

NON-HYDRIC OUTER MARSH INNER MARSH

I MX) n I (x) n I (x) nm m m

TRANSECT .319 42 .196 9 .584 8
1 vs 6

TRANSECT .372 48 .205 18 .605 35
2 vs 7

TRANSECT .198 54 .205 80 .784 63
3 vs 8

TOTALS .297 144 .204 107 .710 106

Table 8. Temporal comparison of Rice Lake using Morisita's Index (x) values.
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4 marsh where standing water is present throughout the year and the envi-

ronment is comparatively stable. The dominant Scirpus-Lemna-Sagittaria

association remains relatively unchanged in this zone during the entire

growing season.

The relative amount of species disappearance and replacement was

analyzed by comparing ecologically similar zones at Rice Lake through

the Sorenson Community Coefficient (CC s). This data is summarized in

Table 9. CCs values further indicate the large community change and

species turn-over which occurs in the outer marsh zone. The low CCs

value for the inner marsh zone indicates that substantial shifts take

place in vegetative sub-dominants though such changes are masked by

the stability and dominance of the Scirpus-Lemna-Sagittaria associa-

tion.

# species # species A
June August species CCs

Non-hydric 69 68 59 .569

Outer marsh 67 77 74 .486

Inner marsh 28 28 36 .357

Table 9. Species disappearance/replacement data and Sorenson Community Coefficient
values for Rice Lake.

-------- .-----l
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$ CONCLUSIONS4 \7

This Study documented the accuracy of Landsat wetland mapping in

the SandI"lls of Nebraska. Methodology for delineation of wetland

communities and the determination of subirrigated meadows as wetlands

has been established. Comparisons of the various remote sensor's

depictions of Rice Lake proved inconclusive due to the incompatible

classifications and resolutions. Significant vegetation changes have

been noted in the temporal evaluation of Rice Lake. Additional

studies are essential to place in proper perspective the remote

sensing and field results. These studies may include:

1. Incorporating the various remote sensors and field evaluation

techniques into an operational framework for the Corps regulatory

responsibilities.

2. Testing of field evaluation methods in other types of wetland

environments, (i.e.) Missouri River floodplain wetlands.

3. Refinement in separation of hydric subirrigated meadows by

Landsat through computer manipulation of digital data or temporal

analysis.

4. Additional vegetational studies of subirrigated meadows with

respect to variations in topography, ground water, soils information

and comparisons of grazed, mowed, and undisturbed areas.

5. Additional transition zone studies.

6. The effects of temporal changes on wetland delineation.

7. Determining least number of sample plots required to achieve

acceptable wetland delineation.

C
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A ppendix B. Listing of Plants Collected for Rice Lake and the
4 Subirrigated Meadow Stud)' Sites. Hydric Rank in ( ).

Achatea imiUe~ofim (3) Catama4ozti6 zt-cta (4)

AgaLinW3 go.ttinge>'i (4) CatamoviLt6a tongiL~ota (2)

Auimona giyposepaia (3) Campanwea apaxinoide (4)

Agtimnonia -z'iata (3) CoAex aquatitiz (4)

Ag'topykon .4mi-thii (3) CaAex 1 (3)

Aguo~tis zotoniek'a (4) CaAe'c 2 (3)

"~ima sp. (5) Ca'e'c 3 (4)

Amb'to~i p ito~tachyja (2) CaAex 4 (4)

Amo'tphza cane-scen-s (2) Catex 5 (4)

And'wopogcn hatii& (2) CaAex 6 (2)

And'wopogcn scopa-'iuw (2) CoAex 7 (2)

Antennw itegf-ecta (Z) Ca,%ex 8 1,3)

Apocynw'n zibi'r.cum (3) Ca~ex 9 (3)

A'temeia tudoviZciana (2) Ca-~ex 10 (3)

AMc-epiz6 i~nca.'noata (4) CeAo4tiwn nutan4 (3)

Azciepiv. zp. (3) Chenopodium atbum (3)

A~t e~icoiLdez (2) Chenopod~wn s~p. (3)

A~teA p'uetotus (4) Cicuta macuotta (4)

gidenz cernua (4) CivmZum Ap. (3)

gidens cowna.ta (4) CoUomia tUnwia.' (2)

Boute.Lua gta&1L6 (2) CornpohiZtae (3)

84omu,6 .neiz (3) Convotmuz a.'wen6Ls (3)

8komt6 japoncw (3) Conyza canadermZ6 (2)

( &%ycphqte (3) CA't&etL" jae~zi (1)

Cammgto,6t.6 canoaden.6i.6 (4) Cypew.6 .6chweinitzii (3)
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Cype~uw4 Asp.1 (3) Hypoxi, h"uta (3)
CYPevus bp. (4) Iva xanthi~oti (3)
Vei~cutainiii 6ophia (2) Juncu,6 boJ.Zccw6 (4)
EteochuAZk6 sp. (4) Juncuz inteAio't (4)
Etynwz canaiden~iz (3) Jwnipekaz~ vi,4niana (2)
Epitobilm adenocaweon (4) Kochiia 6iopa'iaL (3)
EAato,6tiz spec-tabiti6 (2) Koetai~a py~im.data (2)
E'iagLo-6tiz t-tichod, (2) Kuhniaz eaptoiodez (2)
E~'rigeton atosu (3) Lab.&ztte 1 (3)
Equizetm a'en,6e (4) Labiatae 2 (3)

Equietw' tacvigatuym (4) Lactuca op. (3)

Euphot'bia nmguica (2) Lappuia tedowmfzZZ (2)
Eupho'tia. .p. (3) Lathytuz. poItqmotphue,6 (2)
Feutua octoiCwv..c (2) Levt~&ia okyzoide46 (4)
Fo4b UK (3) Lemna minok (5)
Funi (3) Lernna t4itca (5)
GaL~i zp. (4) Lepidium v iicum (2)
Gewn ateppgcum (4) Lezepedeza capitata (2)
Gtycy~tthiza tepi1dotct (3) Le26que~tfa tudoviciana (2)
GtycVLia st'it~a (4) Ua,,~ Zanciota (3)
Haptopappu.6 6pinut~o,6u. (2) L.t~z~w Aquav~o.6a (2)
Hfetathu6 annutu (3) Litho6peirum in&~um (2)
Hetianthuw6 petiotatz (2) Lithozspetmum .6p. (3)
He~lanthu.6 'Ligidu46 (2) LobQJtia 6iphatitca (4)
Hetianthuws tube o,6u, (3) Lycopu6 .6p. (4)
Hetianthw56 sp. (3) Lygode,6mia juncea (2)
Ho~dewn jubatwn (2) Matva .6p. (3)
Hype'Acum maju, (4) Medir-ago tuputLina (3)



S3

MOefe"a nuda (2) P'eYgconwn 'umc,,iimwn (3)
MentzeL4.a A tticta (2) PotYgonwn zgtttum (4)
Muhtenbetg,~a pungcnm (1) Poputuz detoide46 (4)

Mutneglacmoa (3) Potamogeton natanz (5)
MY.60tiL6 syfvtitca (3) Potamogeton pectinatu, (5)
Oenothe~ta Paida (2) Potamogeton -6p. (5)
Oenotheuta s&tt'LZ9La (3) Po-tenttta no'wegica (4)
Onoc.2ea 4enbiei (4) P'wnw5 bezzeyi (2)
Opuwitia conmptea (1) P,6otaeca aAgophqtCa (2)
OxaULZ 6tacta (3) PSO'w.ea digitgata (2)
Pani~cur capiLCiait (3) Rcatibida cotun-Zde,'u (2)
Pakvicwn Canugpinosum (3) Red~etCci 6texuozca (1)
PabnLcwr co9oanthes (3) Rhw5 -'uicicanz (3)
Pani~cum vi&gatw (3) Roza cVkan,6ana (2)
Pa-sPaiu 6tzarmneun (2) Rudbeckia hi~ta (3)
Pen~temon g1tci2L (2) Rwnex 6p. (3)
Petaioztemum vZUozzum (1) Sagitta.a zp. (5)
Phgatti a andintcea (4) SaZ~x amygdat~oides (4)
Phteum p4atense (3) Saiix exigua (4)
Phys"Z vitginiana (3) Say.&y sp. (4)
PhYa6i. sp. (3) Scivtpu.6 acutuz (5)
Peantaqo patagorica (1) Scipuz ame~icanw.6 (.5)
Poa comptez~a (2) SC%'ipuA iftwjiatiW (5)
Poa pa&t'z4a (4) Scutte"A&~ POAvuta (4)
Poa p atensi.6 (3) Senecio i.Zdetti 12)
Potyaontum coccicnewn (4) Sitene antiA.'dvna (2)

( PoC Ygonwn convotvuCu (3) Sitplh-ijr iteg~idotjm (3)
Potygonurn puncatum (4) Sotidago cndensiz (3)
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Sotidago 9'taminiti~a (3) Yucca geaaca (1)

SoLidago 4i-gida (2)

So~C~dago sp (3)

Sotidago .6p.2 (3)

Sonchuw6 uL9-gflo.6" (3)

So-'gha~twm nutan,6 (2)

Spa~tanium ewtycv~pwn (5)

Spa.~tina pectina.ta (4)

StettaAiag ton9idoL~ia (4)

Stipa cornata (2)

Stopho,6tyZe,6 teiLo.pe~ma (3)

Symphoticvo.po4 zp. (3)

S-i~y~tinchium angt-i.otZiu (3)

Toaw4xac'im o66c.inate (3)

Thetei~pua. 6p. (3)

ThetyptezL6 paCt6 (4)
Th~piL wwen.6e (3)

Tuadeacantia occidena"I (3)

Th~agopogon p'ateni (3)

TJ~u..oV.um pLaten.6e (3)

T/t.Zotiwn iAepen6 (3)

Typhua tatijota (5)

UtkicutmiaA vutg"~Z (5)

VeAbena &t~icta (2)

Ve~rbena W £ic-i~otia (3)

Viota pedati4da (2)
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Appendix C. Subtransect Data for Rice Lake, June and August.
D5 =Simpson Diversity Index and HV=Hydric Value. Dominant Species
Listed Were Those With the Highest IV's Where the Sum was Greater
Than or Eq al to 50% of all IV's Occurring in the Subtransect.

I. June

Transect 1:

Subtransect

1-01: DS =.92, HV=2.38 1-08: Ds=.61, HV=4.98

Etagut"~Z tuichoda ~ SagttaTiZ zp.
Lathywa3 p otymo'tphws
SteUaLZia tongi6oiti 1-09: D5 .72, HV=4.99
Koete'ria pytiidata

Sagittaia 6p.
1 -02: Ds=.90, HXr=2.88 Lemna mrino4

SoL~iago .6p. 11-10: Ds=.89, HV=3.36
Panicum vi~atw
Juncuz boatcu6 Ca~ex 8
A-steA t 'icoid.. Cc~ex 3

Ccvtex 1
1-03: D5=.79, HV=2.85

Sotidagc sp. 11-11: D5 .90, HV=2.62

AndAopogon haZtfii Panicum vZ'tgatwn
PanLcum otigonthe

1 -04: Ds=.84, HV=3.60 Hetinthuz~ tubeo
Mttemei~a tudovciana

Sa~&x exigua
So~dago 6p. 2 1-12: D5 .89, HV=2.2S
CaAe'c 5

And'ropogon .6 copaiuz
1-05: D5=.90, HV=3.77 Ancbwpogon haL&LZ

Stipa comata
Sc~i~puh acutuz Het&ithuz tubeuaouz
Sotidago 6p. 2
Geum aeppi&zwn 1-13: D5 =.90, HV-2.08
Caitex 4

stipa comata
1 -06: DS =.83, HV=4.56 La.thq'w.a potymophuz

And'wpogon scopatia6

SciApw~ acutu6 CoaeamovJ.2~a tongidoeiii
Sagitt&ia .6p.

1-07: Ds-.76, HV-4.99

SpaAganium ewtycwmpwn
Lejnna vninoA



Transect 2: 

5

Subtransect

2-01: D5=.90, HV-2.48 2-08: D s=.83, HV=4.35

Sof-idago ti~gida SipAauuCoaamovit~a tongi~otia Poynu.4 acoccuneA~teme~ia tudovicitna Peyow ocnuJuncu.6 ba~tuz 2 -09: D5=.75, HV=4.79

2-02: D5 =.80, H-2.43 Sci~'puz acuta.

Cat-amovitd~i tonQgidoeia Spovgani~m ewiLyca'pwui
Juncws baWcuz 21:D=77, HV=4.98So&&dgo 'uigida2-0

2-03: D =.86, HV=2.71 Saitwr.u acp.u

Catamovitda tongi6oejia 2-11: D5 s.71, HV=4.99Juncuz ba~cws
Mtemuia& tudoviLciana Sci'Lpuz acutuz

2-04: D5 s.90, HV=2.95 ait&AP

Junc.6 batticuz 2-12: D5 =. 76, HV=4.99Cal&xmovt6a tongi~oetza Sei~Au6 6tuvi&atzAutemesi~a tudovzi.an SeL'Lpu, acutw5
Poa p'ten6"(

2-05: D~ s.89, HV=3.37 2S3 D=71, HV=4.99

SagitA.mj.a A6p.Juncuwi ba cu~z Sagnu etc~uStichy6 patu.~6t~.

Phteum p~a.ten4e2-4 D .

2-06: Dsin.88, H-V3.S1 SwiApu4 6tU&atZ&
Juncuwi ba.LticuA 2-15: DSIM.90, HV=2.81Ca.,ex 10

Sotiago p. ICatanmovita tongijotia
Satix exiguaSti xiu

Soidago Ap. 12 -0 7: D5= .92, HV=3.99 AMteme6Za tudoviciana

Sci~puA6 acutuA6 2-16: D5 m.8 6, HV-2.47Potygonwui coceizewn
Ca..sex I Sbipa cornm.atCate Equ.&etum taevigatwui
Ve~sbena W'tu2c46otia Pani~c=, vitgatumSac eiu



2-17: Ds=.88, HV=2.36 3-07: D s=.86, HV=3.34 5

S-tipa comata Ca~tex 10Hefianthu6 tiubeo~u4 CaAex 8Panicum vZ'. ga.tumS4Au6actL

2-18:go D5 c. 7, H=2.1 3-08: D5 =.88, HV=3.80
2 -18 Ds .87, HV = .18Ca~ex IE~ag.'Lo6ti6 tvchodea Potygonum cocci.nemRos6a cvtkanana Scipu4 atcutw

Stipa comata
Hetanthuj tbe'o,6u 3-09: D s =.83, HV=4.69

Transect 3: Scipus acwtuh
Spaga9niwn ewyco)LpwfSubtransect Typhaz taigoPti

3-01: D s=.87, HV=2.98 3-10: D s .76, HV=4.91

Cjex 8 Scipwz acutw"Juncuwe batLWcuz SpaAganium euwtycopum
Panicm vigatm3-11: D =.67, HV=4.993 - 2: D =.85, H V 3.02 

Su p a tu
Phiewn ptaten~e
Co~ex 10 3-12: D5 =.65, HV=5.00
Poa p a teni 

c ~ u6 a u u
3-03: D5  =.89, HV 3.013 1 : =. , HV 4 9

Ca.'ex 8
Co.~ex 10 Sci'tpu6 acWuu
£tachy6 patu,6&.6 Lemna' ino't

Pea p at miz3-14: D =.63, HV = 5.003 -04 : D5 .87, HV -2.73 
e n mi o

Attmezia tudovicZitna Sci&tpu3 acutws
CaAex 8
Juncu6 boattcue 3-15: D5 s.65, HV=5.00
Ho~deun juba t~m 

S i p z a u u
3- 05: DSM.73, HVr3.15 Lemnar mino&%

Cwtex 8 3-16: D 5W.79, HV-4.92
Juncu,5 ba~tecw&

Sc.tpwm acutw.3-06: Dsm .89, HV=3.17 LeJmfldh~flo4

Juncu6 ba~tew"31:Di.7,11/47
Cwtex .10 Sci-tpua acuLtu4VeAbena Aticta Sagittzti .6p.
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3-18: D5 =.85, HV=4.53 11. August

Scitpas actttw Transect 6:
Sc~itpu6 jiuviatiti6
SpAganium eujcoAtpwn Sub transect

3-19: D5 =.87, H-V3.93 6-01: D5 =.87, HV=2.33

Sci~puz acutits Panicumf v-(%a9LtW
Ve~'bena uticZ6o& a Andkopogon 46copaAius
PoZygonwii coc&.ileum Rhu4 'tadicanz

3-20: D5 =.76, HV=3.49 6-02: D5=.83, HV=2.45

SoJ.Zx amygdatoides Rhtu 'Iadcant
Ceziiex 8 Ptauw bue4yq-

Panicwn viJtga.tum
3-21: D .85, HV 3.186 03 = 82 HV . 1

JLuncuw ba~cuw5
Poa ptew6 POJVLcLm viL gtum*
So~idago zp. I Attememi ftdowiana

Rhws 'uadicln6
3-22: D5  .91, HV 2.626 04 = 8 , HV 2 7

A)temeAia tudoviZat -4 5 .6 V26
Hetianth4 .tubevw.u.6i Sotidago canaden.6
Poeygonum coec.Lnem Andt'wpogon haZi
Panicum vZ'gatum Ctmvtatnioi
Eu4owtiZ6 tAiZchode2 a&mvC6 og~tc

3-23: D5 =.91, HV=2.30 6-5 S=.9 V3

Cauex 7 0
And'wpogon ho2Wii Sotidago cianden.Aie
La.thy~w~ potymotphu.6 A~teAL puAeattuw
Hetiathu6 tubevwo.u&
Stipa comat 6-06: D =.89, HV-3.92
Andkopogon 4copaAi.6

ScZ'Lpu4 acu-tu6
3- 24: D5=.89, HV=2.29 Potygonum punctatum

Ca~ex 5
La.thy~w4 pot ymo4phua
Stipa comafa 6 -07: D5 .84, HV=4.56
And~opogon haLLU
Htianthuz tubmaow6 Ca~ex 5

Sagittw.Za Ap.
3-25: Dsm.87, HV=2.17 Lemnau..not

And'topogon hattZ 6-08: DSZ.53, HV-4.90
Stipa comata
Ro~a aAkanaana Sagit&ia .6p.
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6-0: 5~90, HV=3.58 7-05: D13 .88f HV=3.41MuhtenbeAgia '?acemo.6a StxeiPhatatz atunctinacea 
9o-dg andn6.Sotidago canadenZ,6 

Soang caemo
6-1 Ds=.88, HV=2.73 7-06: D5= .87, HV=3.78

Panic m vi~ atumSatx exA9L aA'etianthu audoucan 
Spa~tina pect41nataAttemui tudvicaaStachy,6 patust'~j6lRo,3c oA/kan~cna

6-11: D 5=.90, HV=2.27 7-07: D s=89 V34

Potygonwn punctatumAndkopogon haU-ii 
Scitpu. acwuuHeianjtu annuuw 
ematpiuAntpeo iicgptdu Leapedeza capitata

6-12: D=.87, HV=2.J1o 7-08: D.S.1 V41

Stachy~s patuzt#jzAndtopogan 6opaku6 
Poe qgonum punc.tatwnAndAopogon haze&i Sc.btpu.6 acuwRo.6~a aAkzgnana

Transect 7: 7-09: Ds= 69, HV=4.99
_____ _____Sairpw5 

acutu6Subtransect 
Scagitta& 6p.

7-1 D .83, HV=2.42 7-10: D5m. 73, J-J=S.00
And'topogon haZPJ.i Sagitta,%& zp.bAene.5& tudoujiciona 

Lemna minoktPanicLum v-iAgaAWu

7-02: D5 s.84, HV=2.237-1 s 6,HV50

And,%pogon ha~ 
en ioCtaovit~a tongioia 
eiamcn

7-03: D 5=.83, HV=2.25 7-12: Ds=.78, HV=4.71

Cata.movit~a tongi~otia 
pgaimetcpuAnd~opogon 
Sg ewtyc.'pw

7-04: D s=.89, HV-2.68 7-13: Ds=.8 7, HV=4.10

Calamovitda tofl9A6oej atx 6pSo~idago r-anadeni.U6 
Sp 4iap~ atSa.&x Ap.

Pan.(ewn vi~'ga-tum
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7-14: D5=.79, HV=3.56 8-06: D5 .86, H-V=3.22

Spoatina pec-tinata CoA-ex 10Sotidago canadenzit6 Apocynwn 6i-biAicum
7-15 D5 .86 HV=.l5Juncu.6 battcus
7 -1S:~~~~~ ~ Ds .8 , H = . 58 0 : D = 87, I-V=3.3 SPopuL.Cw dettoidu. -7

Panicwn viqatum Ctx1SoZ.Zdago canadenuZ" 10cnu i~Cataimovit 6a. tongi~otia. Muhtenbejtgia 'Lacemo6a.
7-16: D5 s .91, HV=2.68 8-08: D5 .86, HV=3.83

Heinthuz annaiu Poe ygonwmnfcttwCodamovia. tongi4oeJia Cat&ex 10Popuiw3 dettoidez 4~u ct,
A n d t o p o g o n~~ h a t i8 0 : D = 7 2 , H V = 4 .2 ,7-17: D5  .87, HV=2.44 

8-09:nu Du cau
l4etianthus onnw" Sci'tpuz acu-tusPa..cum wn L'atw
Ca.&tmoviZ~a. tong6oV.a 8-10: D5=.70, HV=4.73

Transect 8: ScZ'tpu acutuz
SagittzLia &pSubtransect

8-01: DSM.80, HV=2.768-1D =.3HV49

Sci~pu6 acutu46Ca~eX 10
A6teA e~icoiLde& 8-12: D=.6 3, HV=4.94

8-02: D5 .81, HV=2.87 Scitpu,6 actuL6
Ca~ex 10 8-3 DS.9, HV=4.96

SciJ~pUh atut8 - 0 3 : S . 8 6 , H V - 2 .9 08 
1 4 M . 7 H V .9

Ca4eX 10 Sip, ctAmbtoAia p.6toctchya

8-04: D5 .90, HV=3.01 8-15: D3 ..57, HV-4.9S
Typha tatidotjiaCa~ex 10 cpuaut

SPa ..tnt pectnata 8-16: D=. 80,1 HV-4.1SAmrb4oaia p6ZZo~tachya

8-05: D5 .82, HV-2.88 Potygonum punctatum
CaOtex 10
A4teme~ia tudoicia,2a
Sotidago canaden6iZ6
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8-17: D .85, HV=3.77
S

Poe ygonun punctatwn
ScAApus acutuz
VeAb ena u~tci~coLtia

8-1 -D 5=.75, HV=3.48

Poa ptaemi.6
Sci~tpw5 Oiewtwu

8-19: D5 s.80, HV=3.32

Poa ptatensei~s

Satix exiZgua

8- 20: D s .77, HV=2.98

Poa pttemiz1
Panic.u vi~'tatum

8-21: D s .80P HV=2.79

Panicum vZ'tgatum
Panicum otigo.6anthai

8-22: D s .84, HV=2.59

Paniicum v-ULgatwn
COatamov~i2a tonQ46otax
A4temuia t udoviciana

8-23: D,= .87P HV=2.56

Panicum viAttw
Hetianthu6 dflflWJ
CaiUwiovit~a tongotia

8-24: D5 =.83, HV=2.60*

Hetanthuz annwiu6
Panicum vitatwn
Colamovit~a ton9-ido1La
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Appendix D. Subtraiisect Data for Subirrigated Meadows. D =Simpson
Diversity Index and HV=Hydric Value. Dominant Species Liste8 Were
Those with the Highest IV's Where the Sum was Greater Than 50% of
all IV's Occurring in the Subtransect.

I. Little Hay Valley (June) 4-08: D =.89, HV=3.07

Transect 4: Phieum pzatevue

Subtransect Poa phuatemiz
EteochoAiz6 sp.

4-01: Ds=.90, I-V=2.27 4-09: D5 =.85, HV=3.l5

St qxt comata
E~aur.stioz t'Lichode4 CL~e~x 8
Lathy'twe poP qmo~phuz Phf-ewui ptaLtent e
HeJtanthu,6 tube/r.6w5

4-10: D5 =.92, HV=3.13

4 -0 2: D5 .85, HV=2.91 Aguo-tiz6 zotorLZ~eAa
Catarovta tongi~otia

Poa p,%atemizL AchiZea mitte6o~iu
Cat'ex 8 Pan-Lcaw otigoantha~
Iva xanthiwotPa Eqttzetw taevigatwn

4-03: D5=.86, HV=2.58 4-11: Ds=.85, HV=2.61

Poa p~ateniz~ Panicurn i~gaturn
Stipa comata La.thytw4 poPtpnotzphu6
Ag'wpyun smih- AAternezi t udouviina

4-04: D5=.89, HV=2.60 4-12: Ds=.90, HV=2.83

Poa pMaten6z6 Panic=r i,Zgatumw
Pani.cum vZ'.g atCurn Ando gan c.opa~ius
Stipa comata HeLianthu6 tubwzLou
Azstvi etuicoidez A'z.tem"e&i tudovicioana

4-05: D5 s.90, HV=2.86 4-13: D= .89, HV=2.42

AchiLLea mitte~otiun PaniZcwn vA&Lgatwn
Poa puaten,4Lz Ambuo6ia ptitoastachya
Agtopqyon Anu.ith4A Ainem4ia tudovicina
Stipa coma-ta Pso'wtea aAgophqflta

4-06: D5=.83, HV-3.41 4-14: Ds5 .89, HV-2.14

CeAe.x 8 Stipa comata
Cwaex 3 E~ag4ti4 ttichoda.

KoeleAia pymAbndata
4 -07: D5 -.90, HV-3.26 Lathy'. potymo~phuz

Ca~ex 8
Phteam p~oaenze
CoAex I
Ca.'ex 9
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I. Watts Lake (June) 
5-09: Ds=.91, HV=2.69

Transect 5: 
Pani~curn vi4ga.tuw

SUL~anset Atemu~ia tudouicanaS u [ r n s e c tC A e x 2
5C:Ds=.88, HV=2.34 Poa pten6I ,

Stipa comata 5-10: Ds=.90, HV=3.50Panicum vgatiu 
CoAex aqwut"yKc'ete>&a pynidt 
Poa p'waten.6i6

5-02: D= .89, HV=2.66 
CEveaca~. 3 p

Pocz p~aenz~> 
5-11: Ds=.93, HV=3.21Stipa comata

&Lom,5 invun , 
tPoa pMateMzi6
Juncu6 baJttims5- 0 3: Ds=.89, HV=2.79 
Cwte( 3
Phteum p'watenz~ePoca pta.ten4,iz 
Htianthw5 tubetozu69,1omuz -net'nz~

La-thy,'wu, pofyfmoutphu, 
5 -12: Ds=.90, HV=2.80

5-04: Ds=.87, HV=3.12 
Pan~cwn vi4JLtLIm

PocZ pten46j Ca~oJ7ovP-a tongi~otia
Juncuz battcuw6Tti~f-iu p~aenseEqw<isetm -eaev-LgatumPhteem ptoaense

5-05 Ds.87,HV=.S75-13: D5=.89, HV=2.74
Penicwn '-ULatwuiCataimaj 'to~tiz canadenzij,6 Equi~etum Za evigatu-mCa' c x 3 
At4qgezi-a do viZcinaPca p~tns. 
SotA ago, 9 upa

5-06: Dsm.88, HV=3.6:, 5-14: D 5 =.9j1, Hl'=2.15
Ccatex aqut4,W Stiipa comataCa~'ex 3 Lathy~u6 potyo.phezcatamaguostiz canadenzii6 KoeteCZea- pytnidotaAItemmia Cudvj. aija5-07: D5=.84, HV=3.12 CaiamovZta ton9Z~otia

Poa pkatenziz~
T)Li~otiumj pta-tenze
PhiCewn p'wten,6e

5-08: Ds=.87, fHV-3.15

Poa p.atemizL

Ptewn p'tatenze
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III. W'atts Lake (August) 9-08: D5 =.84, HV=3.57

Transect 9: Catmaguostiz z6ticta

Subtransect Satn etnt

9-01: Ds=.89, HV=2.68 90:D .7 V32

Cataagut, Att6icta
Sithw-n egnZeotioum Spa4t,1na pectint
Poa comp~e.4a Poa comptezza
Phteum p~aten~e
Calamovii~a tongiotia 9 -10: D5=.87, HV=2.82

9- 02: Ds=.93, HV=2.88 Spattiita pec-tinata
Catamovit~a tongiL~oLt

Panicum vitatum Andkopogon haL-i
Siephiim itegti~otiwn
A9Lo injt~ 9-11:.t Ds.88, HV=2.87
Amb4o~.&z p.6itoztachya And'iopogon ha.LUi

Spa~tina pectinata
9 -03: Ds=.91, HV=2.81 Ph.teum p~naten.e

Sitpium nteki~oiumPoa compte.6a

Poa comp~e.6a 9 -12: D5 =.89, HV2.47
Chenopoctium atbwn
84omuz infeAmi.4 Paiu vigau
Panicum viLga-tum Ambkosxba pto6tachtya
Atemeuca tudovitc.ana~ Weme4a tudovic,&na

9-04: DS .89, HV=2.74 9-13: DS .82, HV=3.36

Ancdtopogon haJ1ii Catamagu~tiz .6tvcta
Etymu6 canexdenszi6 Cazex aquatiJJz
Ph.teum p~aten6e Poa cornp'te6za
SpoJtina pectinttta

9-05: D5 =.80, HV=3.29 9-14: Ds=.89, HV=2.97

Spat.tina pectinataSpaphinm peng ata Arnb4ia p.6iloatachya
Sitpium nte~i~oiumPaniLcum viAgatwn

9 -06: D= .86, HV=3.41 hempaee

Spat~a pecinata9 -15: D5 =.88, HV=2.50

Ca.Camagu.tiz. zt~ic.t PanLcum vZ'tgatwn
Cwi~e-x aquatZi.. CatamovVddct ongi~ot

And'wopogon .6 eopa~u69 -07: DU. 79, HV= 3.30 Amn~'o.6ia p-6ito.&.tachya

Ca.&zmag4t. at.VLcLX 9-16: Ds=.85, HV=2.57
CoAie~x 10
Poa comp~e.6.a Panicum viatun

Catamovit~a tongi~oe.La
Andtwpogon acopaAiu.6



9-17: Ds=.81, HV=2.45

Catamovitia tongi~otia
SotiZdago Aigidti
Andtopogon hatei

9-1': Ds=.84, HV=2.63

$itphin in-teg4iotLwn
PanZcum vi'tatum
A~teme~ja tudovicia~na



DAT

DI

EL-


